ExposurE to faEcal pathogEns (viruses, bacteria, protozoa, and helminths) can lead to serious public health consequences. around the world people suffer daily from acute diarrhoea, vomiting, and upper respiratory tract infections caused by faecal pathogens (feachem et al., 1983) , and stunted growth in children is linked to chronic gut dysfunction resulting from exposure to faecal pathogens (schmidt, 2014; ngure et al., 2014) .
the main objective of sanitation is to reduce this impact by separating peoplesanitation system users, workers, and the community -from faecal pathogens (stenström et al., 2011) . for decades the main focus for achieving separation in developing countries was access to basic sanitation through improved toilets. the wording of the sanitation Millennium Development goal (MDg) intensified the focus on toilet provision (unsD, 2015) . the sanitation sector recognized that the MDg Making pathogen hazards visible: a new heuristic to improve sanitation investment efficacy April 2016 Waterlines Vol. 35 No. 2 indicator of improved toilets was insufficient, and the focus is shifting towards the whole sanitation service chain and safe service delivery (strande et al., 2014: 3; ross et al., 2015) . this shift is evidenced by: the sustainable Development goals (sDgs), which seek to incentivize 'safe management ' (un, 2015) ; the excreta flow, or shit flow, diagram (sfD) emphasizing the sanitation service delivery chain (e.g. Blackett et al., 2014; sfD promotion Initiative, 2015) ; and the rapidly increasing interest in faecal sludge management (fsM) (for example, the international conference series dedicated to fsM, which drew 700 attendees to the 2015 event, see <www.fsm3.org>). these shifts broaden the assessment of risk beyond the user to workers and the community (stenström et al., 2011) and help the sector to follow and diagnose contamination risk. faecal contamination risk results from the combination of a pathogen hazard and an exposure pathway (ropeik and gray, 2002) . reducing this risk is therefore about reducing the hazard of faecal pathogens, by removal and/or inactivation through the wastewater treatment cycle, and/or reducing exposure, by limiting the opportunities for people to be exposed to infective pathogen doses.
a three-year collaborative, transdisciplinary action research project on communityscale sanitation in Indonesia provides the impetus and experiential grounding for this paper. sanitation-linked health statistics in Indonesia continue to be staggering. there were 120 million annual cases of illness in Indonesia associated with poor sanitation in 2006, including 89 million cases of reported diarrhoea resulting in 23,000 deaths (napitupulu and hutton, 2008) . ogden et al. (2013) Indonesia's health statistics show that there remains a strong need to reduce both the hazard of and exposure to faecal pathogens. about 3 per cent of Indonesia's population of 250 million people have access to piped sewerage. a similar percentage is served by local community-scale systems (sanIMas) , most commonly multi-chamber containment providing primary treatment only. Most faecal waste, including urban and peri-urban, is treated on-site in septic tanks or cubluks. about 50 per cent of the urban population access groundwater for some of their household water needs (World Bank, 2012) . Each country's sanitation infrastructure (physical and institutional) takes a particular development path, so we recognize that Indonesia's situation is different from other countries. however, our Indonesian observations align with the drivers for and approach to a current Bill & Melinda gates foundation project aiming to assess sanitation hazards (Williams and overbo, 2015) so we contend these countryspecific observations can contribute to useful generalizations. achieving efficacy in the task of separating people and faecal material is challenging for several reasons:
• within and between classes of pathogens (viruses, bacteria, protozoa, and helminths) • there is very little practical performance data on pathogen fate and transport in developing country settings because pathogen monitoring is complex, expensive, and technically difficult.
the diversity of factors affecting efficacy means generalized responses are likely to result in ineffective investment, which leads to calls for site-specific responses (e.g. toze, 1997). however, the global scale of the separation challenge remains significant, so instead we need new heuristics that can help to direct rapid investments at large scale that effectively reduce the hazard of and exposure to faecal pathogens.
While the shit flow diagram (sfD) is a powerful and successful advocacy tool, and faecal sludge management (fsM) is intended to include the solid and liquid wastes of non-sewered systems (Blackett et al., 2014) , our experience in Indonesia suggests that this is not always the case in practice. 'safely managed' faecal sludge in the context of the sfD indeed refers to: non-accumulation of faecal sludge in pits; adequate sewerage and wastewater treatment; proper discharge of faecal sludge; and proper disposal/ dumping of faecal sludge (Blackett et al., 2014) ; or 'the storage, collection, transport, treatment and safe end use or disposal of faecal sludge ' (strande et al., 2014) . In practice, however, practitioners' attention appears to focus on the sludge held within pits/tanks when the elements of the non-sewered sanitation service chain are identified as containment, emptying, transport, treatment, and reuse/disposal. the 'emptying' terminology has weaker associations with liquid discharges from water-based systems (either piped effluent such as that which leaves a sealed septic tank, or the intentional leaching of an unsealed pit, or the accidental leakage from broken pipes or tanks). schematic illustrations of the 'sanitation service chain' such as that shown in figure 1 from the Bill & Melinda gates foundation (2010) typically exclude liquid discharges.
In our experience, the application of fsM to water-based sanitation at household and community scale in Indonesia appears to be focused on the sludge. less than 4 per cent of faecal sludge in Indonesia is treated (tayler et al., 2013) , so the need for fsM is significant and is increasingly recognized. the result is that many donors and local governments are investing in sludge treatment facilities and regular desludging services, such as biennial desludging of septic tanks (see also robbins et al., 2015) . however, the liquid discharges -piped effluent, intended leachate, and unintentional leakage (see figure 2) -are generally not considered, which means potentially significant faecal pathogen hazards are not noticed and therefore not managed. In Indonesia, where water utility coverage is limited and large segments of the population use untreated surface and groundwater (World Bank, 2012) , exposure pathways for this hazard are prevalent. this paper has two objectives. firstly, we propose a shift in how we represent pathogen numbers and concentrations, in order to focus attention on the scale of the hazard that remains post-treatment. secondly, we propose a new visual aid, the pathogen hazard Diagram, to assist in identifying the likely location and scale of hazards in practice. our focus in this paper is improving our sector's capacity to reduce the pathogen hazards of water-based sanitation at the household and community scale, based on our experience in Indonesia, with a view to improving the efficacy of sanitation system investment, for new systems and for renovating existing systems.
our aim is to complement current initiatives that seek to reduce public health risk (such as the sfD promotion Initiative (2015), which highlights the potential public health hazards in a city's sanitation system; sanipath (2015), which focuses on addressing exposure pathways; and the Who's sanitation safety planning Manual (2015) , which takes a generic, risk-based approach) by generating discussion and debate that draws attention to hazards that are inadvertently neglected in practice. our practice-based research institute (Institute for sustainable futures) seeks to progress public dialogue to motivate and facilitate action to improve outcomes, and it is in this spirit that the authors offer the pathogen hazard Diagram. as the first version of a conceptual tool, the authors welcome critical, constructive feedback. Pathogen hazards: exploring the fundamentals During the conceptual development of the pathogen hazard Diagram, we became aware of three factors that may inadvertently contribute to the invisibility of pathogens. firstly, we became aware that the term 'pathogen' is surprisingly rare within the sector (e.g. the term is absent in the latrine focus of the MDgs and in sanitation design guidelines in Indonesia). secondly, there is incredible biological diversity and complexity encompassed within the generic term 'pathogen', which makes generalizations difficult. thirdly, we noticed a fundamental disjunct: although pathogen presence is generally noted in exponential terms (ten to the power of another number), removal performance is often noted in arithmetic terms (e.g. 90 per cent reduction) which although correct, may be misleading. In this section, we explore these observations and show why there is therefore a need to pay more and different attention to the liquid stream.
The term 'pathogen' is often absent
While there have been many impressive developments focusing attention on the need for sanitation to improve health outcomes, pathogens have been an implicit rather than explicit focus, which may impact the scale of outcomes. for example, the sDgs' shift in focus from latrines to the sanitation service chain may implicitly seek pathogen risk reduction, but the near-finalized sDg indicators do little to directly link performance of sanitation systems with pathogen reduction. although 'safely managed sanitation systems' is an indicator, there is as yet no clear definition of what 'safely managed' means. Economic analyses of costs and benefits of sanitation, a powerful lever for increasing sanitation spending (hutton, 2013), necessarily require high-level and simplifying assumptions. however, one potentially problematic simplifying assumption is that all technology reduces pathogen content as intended (e.g. Wsp, 2011: 111) -so on-site septic tanks without secondary treatment are incorrectly assumed to be at the upper rungs of the sanitation ladder (Wsp, 2011: 95) . for septic tank analyses, including the costs of reducing hazard or exposure to deliver higher levels of health protection would provide a more representative assessment of relative costs and benefits.
Pathogen risk determinants
In this section, we explore the diversity of pathogen biology in relation to determinants of risk (hazard and exposure) and efficacy of hazard reduction options. there are four classes of pathogens (viruses, bacteria, protozoa, and helminths) and between and within these classes there is great diversity in everything that matters in terms of defining and assessing the hazard that pathogens may or may not represent to humans. When the World health organization (Who) first considered the reuse of human waste, they identified the complexity of the situation and designated five key determinants of higher infection risk (Who, 2006) , encompassing both hazards and exposure pathways ( 
Key determinants of risk (WHO, 2006) Explanations and examples
Long persistence in the environment Helminth eggs can survive for months or years; bacteria, protozoa, and viruses typically for days or weeks (Feachem et al., 1983) Long latency The interval between the time that a pathogen is excreted and the time that it can infect a new host looking at the determinants shown in table 1, we see that minimum infective doses of helminth eggs are very low; helminth eggs have survival periods of months to years in soil, and immunity is not possible. In addition, helminth eggs have a high level of persistence through on-site treatment systems (see table 2 ). as a result, Who nominated helminths as a major hazard, bacteria and protozoa as intermediate hazards, and viruses as minor, despite their numerical prevalence (Who, 2006) . the challenge is that this fact does not seem to be part of sanitation planning and implementation in Indonesia; the predominant technologies across the country are poor at helminth removal and/or inactivation, as we explore in the remainder of the paper.
Pathogen reduction mechanisms and the efficacy of management options
there are two mechanisms by which pathogen numbers may be reduced (i.e. by which a pathogen hazard can be managed), removal (or containment) and inactivation (stenström et al., 2011) . Different technologies and management approaches employ different options within these mechanisms. the differences between and within classes of pathogens mean that there are widely varying responses to different removal and inactivation options: for example, a mechanism might remove or inactivate some bacteria but not others. Blanc and Nasser (1996) in Toze (1997); What table 2 makes clear is that many mechanisms are not efficacious across all pathogen classes, particularly helminth eggs, designated as the highest risk by Who (2006) . It is equally clear that filtration and sorption are efficacious across all classes. this is significant in the practice of water-based sanitation at household and local scale in Indonesia, as we show in the following section, but before that, we want to explore one more fundamental concept, the (mis)representation of pathogen numbers and reductions. , 1983: 34) . treatment technology performance is typically therefore reported in log reductions (see table 2 ). for example, a well-sealed septic tank may remove 0-2 log 10 units of helminth eggs (feachem et al., 1983: 86) . If we assume the best performance of 2 log removal, in arithmetic terms, this is a 99 per cent reduction, which sounds like an excellent outcome. however, as shown in figure 3 , that means the treated liquid effluent contains the remaining 10 2 -10 4 helminth eggs (i.e. 100-10,000 eggs). this matters because the minimum infective dose of helminths is 1 to 10 particles (i.e. 10 0 -10 1 eggs) (e.g. feachem et al., 1983) . In other words, the liquid discharge from a well-sealed and well-functioning septic tank treating the waste of an infected individual could include up to 10 4 (10,000) infective doses per day. In figure 3 , both representations of the reduction in pathogen numbers are correct (i.e. they both represent 10,000 remaining eggs, or 99 per cent removal). the arithmetic representation however suggests that there is little to worry about in the liquid discharge. the logarithmic representation suggests otherwise, consistent with the potential for infective doses remaining in the example elucidated above. We suggest that a logarithmic representation of pathogen hazard is more likely to suggest a need for attention and action, whether the units are pathogen numbers (e.g. number excreted per person per day), pathogen concentration (e.g. colony forming units/100 ml), or infective doses.
We suggest that performance should not be solely assessed based on arithmetic percentage reduction, but rather through a more holistic assessment oriented towards impact: for this technology in this location with these local water-using practices, where do the pathogens go and, from first principles, what kinds of pathogen numbers would we expect in these streams? armed with this kind of heuristic, local health and sanitation professionals can then assess the potential exposure pathways and judge whether the situation is acceptable. the pathogen hazard Diagram is intended to facilitate and visualize this kind of assessment.
Introducing the Pathogen Hazard Diagram
synthesizing the arguments and ideas presented so far, we believe, at least in Indonesia, there is value in a new pathogen hazard identification and assessment heuristic. the conceptual shift is to go from focusing on 'what is removed?' to 'what remains and is it a risk based on likely exposure pathways?' In figure 4, we present our response to this need: a pathogen hazard Diagram. to be useful in practice, this new heuristic would need to be both conceptually consistent (i.e. the form of the diagram reflects the situation and makes the message clear) and readily constructed in the field. there have been many beta versions of the diagram developed and tested through our research to date, and we have been encouraged by our Indonesian colleagues to continue developing the concept. We expect the form of the diagram to continue to evolve, should practitioners see value in it, so we welcome feedback.
In this section, we introduce the pathogen hazard Diagram concept, and in the following section, we apply it to the three most common situations found in waterbased sanitation at the household and local level in Indonesia.
as elucidated below, the pathogen hazard Diagram includes two important dimensions for assessing treatment system efficacy: the scale of the pathogen hazards leaving the treatment system in liquid form and the receiving location of those hazards.
this version of the pathogen hazard Diagram has been developed to help improve water-based sanitation at household and local scale as we have experienced it in 1,000,000 1,000,000 a) 10 Indonesia, so the form of the diagram reflects the generalities we have observed. the diagram has a logarithmic scale on the vertical axis, consistent with the argument above for a more meaningful representation of the scale of the pathogen hazard. this could represent either number of pathogens (e.g. pathogens/day entering/ exiting the treatment system), or concentration of pathogens in the influent/ effluent. the left box represents the influent, before treatment, and the right box shows pathogen numbers or concentrations after treatment. the top section of the after treatment box is a representation of the portion of the pathogen hazard that has been inactivated, contained, or removed within the treatment system, such as an informal leach pit (cubluks in Indonesia) or a septic tank (leaking or wellsealed) at household scale, or an anaerobic digester operating at community scale (50-100 households). the material that is held within the treatment unit may be subject to periodic desludging. In Indonesia, for these kinds of water-based systems, this frequency varies between never and every couple of years (e.g. Mills, 2013) . the pathogen hazard and exposure associated with desludging is important, and is the focus of many excellent resources (e.g. stenstrom et al., 2011) so is not further considered in this paper. the middle of the after box concerns the hazard of piped liquid discharge or effluentthe liquid that has been treated in the system and is intentionally disposed of to surface waters, either via local drainage systems or directly to waterways. Well-sealed septic tanks and community-scale anaerobic digesters are designed to produce this stream. the daily volume varies according to what wastes are received by the treatment unit and local practices. see figure 5 for an example of the diagram applied to septic tanks. for some systems (e.g. leach pits) this stream would not exist.
To ground and groundwater
Could also be concentration (#/100 mL) the lowest part of the after box comprises the two potential streams directed towards soil, and which may or may not reach groundwater, depending on local conditions. one of these potential streams is intentional -the leachate that leaves a cubluk in Indonesia, for example. the other stream is leakage and is unintentionalit is associated with systems that were designed not to leak, but are leaking anyway, because of broken pipes, poorly constructed tanks, or operational damage. for a well-sealed septic tank, these streams would not exist.
We recognize that pathogen monitoring is complex, costly, and rare, so there is very little local information on pathogen prevalence in Indonesia. for that reason, the pathogen hazard Diagram needs to be able to be constructed without local data, using instead first principles and basic sanitation sector knowledge (such as feachem et al. 's (1983) classic work) of pathogen production, prevalence, and hazard reduction options (such as those elaborated in table 2) embedded in local practices. a pathogen hazard Diagram can therefore draw attention to where local pathogen monitoring should occur, were the opportunity available to do so, as well as helping to make an argument for resources being directed towards local monitoring.
the scale on the pathogen hazard Diagram could be reported as numbers of pathogens, as we have done here and in the following figures, or as a concentration. Bacteria are often reported as cfu/100 ml, so if we assumed 100 l of water was added to a septic system per person per day, then the production numbers noted above (10 9 -10 10 bacteria per day according to feachem et al., 1983) would become, for example, 10 6 -10 7 bacteria per 100 ml of septic influent. the concentration of pathogens matters a great deal in the exposure pathway component of risk assessment, because it determines how much contaminated water an exposed individual would need to ingest.
Applying the Pathogen Hazard Diagram
In this section, we apply the pathogen hazard Diagram to three common scenarios in water-based sanitation at the household and local community scale in Indonesia. the latest statistics from Indonesia suggest that 77 per cent of the population is served by on-site systems, ranging from well-sealed septic tanks to less formal, unsealed cubluks. figure 5 shows the pathogen hazard Diagram for a system for the former, and figures 6 and 7 explore the two most common scenarios for the latter.
Mills' (2013) study of nearly 200 on-site household systems across six cities in Indonesia identified 16 per cent of systems with a well-sealed design. Mills also identified that septic tanks in Indonesia are likely to be small (around 0.5-1 m 3 ) and therefore have a low hydraulic residence time, are unlikely to be baffled, and are unlikely to be desludged.
according to feachem et al. (1983) , 'in a septic tank having a normal retention time (1-3 days), the effluent produced will be rich in all pathogens contained in the influent '. feachem et al. (1983: 86) estimate 0-2 log removal for all four classes of pathogens in well-designed septic tanks with residence times from 1 to 3 days. stenström et al. (2011) suggest even less: 1 log or less for the helminths hookworm and Ascaris, 0.5 log for bacteria. the Who sanitation safety planning guide (2015: 129) suggests removal of helminth eggs is less than 0.5 log. the only place the liquid effluent from a well-sealed septic tank can go is out through the effluent pipe. It is generally the case in Indonesia that urban land is at a premium and therefore secondary treatment systems are rare. septic tank effluent generally flows to surface water either directly or via the local drainage system. so, from a first principles perspective, based on the numbers of pathogens that an infected individual excretes in one day (see above), we can estimate the number of pathogens coming out of a well-sealed septic tank in one day. as above, the numbers presented in figure 5 assume 1 log removal of all pathogen classes. If there are infected people contributing excreta to the septic tank, then the hazard is significant when one considers the minimum infective doses required. the risk of this hazard is a function of the details of the exposure pathway. a well-sealed septic tank has no leakage or leachate, so this element of the diagram is not used. a well-sealed septic tank operates in a very similar way to a community-scale anaerobic digester in terms of the pathogen removal mechanisms. the latter has a significant residence time which assists with bacterial and viral die-off, and potential for sedimentation depending on the internal construction, but overall, their pathogen removal performance is likely to be limited (ulrich et al., 2009) , leaving considerable potential for hazardous levels of pathogen release and exposure. foxon (2009: 117) reports on a small pathogen removal study conducted in south africa on a pilot-scale anaerobic baffled reactor, similar to the community-scale systems installed in Indonesia. she and her colleagues found approximately 1 log removal for bacteria, viruses, and protozoa, and about 2 log removal for helminths.
approximately 13,000 community-scale sanitation systems are thought to have been installed across Indonesia over the last decade under various donor Leclerc et al. (2002) ; c see Table 1 http://www. and government programmes . these systems are typically simple anaerobic baffled reactors, sometimes receiving all waste, and sometimes just toilet waste, occasionally with secondary treatment through, for example, a catfish pond or constructed wetland, although that seems to be rare in practice. In most instances, the effluent from the system is piped to local waterways, as specified by design guidance from the Indonesian Ministry of public Works (2013). therefore, the pathogen hazard Diagram for a community-scale system in Indonesia is likely to be much the same as that for a well-sealed septic tank (figure 5). our second application of the pathogen hazard Diagram concerns the most prevalent form of sanitation system found in Indonesia -the cubluk.
a cubluk (Bahasa Indonesia for 'open bottom tank') is essentially an intentionally leaky pit, which is very seldom emptied and leaches effluent to the surrounding soil (Mills, 2013) . In effect, these soils provide secondary treatment. Beyond containment, primary treatment is provided by the biological mat around the base and walls of the system, which acts as a physical barrier to larger pathogens (helminths and protozoa). this is followed by filtration, absorption, and various other physical and biological removal and inactivation mechanisms in the soil such as desiccation, persistence, and temperature (see table 2).
the degree of separation from groundwater is the key risk determinant of these systems because it influences both the hazard and the exposure. Who (2015: 129) suggest a distance of 2 m above the high water table. this is likely to be conservative, given the kinds of removals shown in table 2 (e.g. Mawdsley et al., 1996) EtI, 1998) . Movement of liquid will also be a function of local soil conditions, build-up of organic materials, effluent volumes and flowrates, and so forth. there appears to be very little, if any, field data about pathogen movement in these systems in Indonesia or elsewhere, but a first principles approach, using data from studies elsewhere, would suggest, antithetically, that a cubluk above the seasonal high groundwater table may be managing the pathogen hazard quite well, and certainly better than a well-sealed septic tank connected to local drainage and watercourses. this suggestion accords with Kolsky (2015) , whose model suggests 'unsafe return' actually increases and 'safe return' decreases as sewers replace improved pit toilets in ghana.
figure 7, on the other hand, represents a cubluk that is periodically inundated; that is, it becomes hydraulically connected to the groundwater table. under these conditions, the function of the adjacent soil as a treatment device is reduced, but by how much is difficult to predict, and again there is very little, if any, field data. larger pathogens (helminths and protozoa) will still be more readily filtered out than smaller pathogens, and Who (2006) does nominate helminths as the highest risk. the question of setback distances then becomes particularly significant for exposure pathways -in Jakarta, 60 per cent of homes are reported to have wells within 3 m of a septic tank (tejalaksana, 2010). as illustrated in the preceding discussion, pathogen hazard Diagrams are developed through a process of 'thought experiments' for specific contexts using available information even when specific and reliable pathogen data is not available. our intention is to help to draw attention to what existing treatment technologies actually do and do not achieve in practice, with respect to pathogen removal; what levels of pathogens are likely to remain in effluents; and where those pathogens go in the environment, enabling identification of potential local exposure pathways. our goal is to help inform and improve risk-based sanitation planning and implementation. In addition to complementing existing risk-based approaches, the pathogen hazard Diagram can potentially help 'at scale', for example in guiding national and local policy, in assessing the need for additional treatment, and in directing monitoring resources.
across Indonesia, a lack of awareness of the practical pathogen hazards of popular sanitation systems may inadvertently contribute to worsening the health situation. there is at present a move in Indonesia to replace leaching/leaking cubluks with well-sealed septic tanks, which would then discharge into drainage channels and local waterways. In addition, in order to meet current national government targets, Indonesia plans to invest in a further 100,000 community-scale systems in the next few years . Discharging these effluents into waterways occurs without awareness of the hazard, and therefore without consideration of the potential risk. the pathogen hazard Diagram could help to direct attention to the remaining hazard in the effluent stream and to encourage investment, firstly, in understanding the situation a little better, including potential exposure pathways and possibly pathogen monitoring, and secondly, in systems and retrofits that will actually reduce the hazard and the risk.
for example, a comparison of the pathogen hazard Diagrams can reveal that septic tanks that drain effluent to surface waters (figure 5) may perform worse than well-placed cubluks (figure 6). although upgrading cubluks to septic tanks may be viewed as a step up on the 'sanitation ladder ' (unDp, 2006) , the pathogen hazard Diagram can highlight where such a step may increase the hazard. on the other hand, if cubluks are performing poorly (figure 7) an upgrade to septic tanks with effluent sewers that transport effluent for off-site secondary treatment (Who, 2015) can bring significant improvements in hazard reduction.
the pathogen hazard Diagram also reveals that local-scale sanIMas systems are likely to release a significant hazard direct to waterways, so the national guidelines could require a form of secondary treatment (e.g. an unsealed constructed wetland or simple sand filter).
at a local level, applying the pathogen hazard Diagram heuristic could help with monitoring in two ways. Where resources are available to monitor, the pathogen hazard Diagram could direct where monitoring should occur. Where monitoring resources are not yet available, the pathogen hazard Diagram can help to show the need for and value of local monitoring. at a global level, there is increasing awareness of the need to pay attention to liquid effluents (e.g. Williams et al., 2015) . the pathogen hazard Diagram makes clear that there are significant knowledge gaps in terms of pathogen fate and transport at the local level, and so it helps to direct global research programmes to fill this gap, including developing new, simple technologies that reduce the pathogen hazard as early as practical in the sanitation chain.
Conclusion
While great progress is being made in sanitation planning and implementation, in practice, at least in Indonesia, the liquid stream from water-based sanitation receives scant attention, despite the fact that the scale of the pathogen hazard in this stream is sometimes considerable. risk comprises both hazard and exposure pathways. In Indonesia, exposure pathways are significant, with questionable and/or limited treatment of both piped and informal water supplies, so reducing the public health hazard at source represents a valuable intervention. a simple heuristic that is powerfully visual and that requires only local knowledge and general sanitation reference knowledge can help to focus attention on what matters, and therefore guide local sanitation investment decisions towards new and retrofit technologies that reduce the pathogen hazard.
